Objectives: The purpose of this study was to identify clinical risk factors for the recurrence of ovarian endometrioma after ovarian cystectomy in Korean women with long-term postoperative medical therapy.
INTRODUCTION
Endometriosis is characterized by the growth of endometrial tissue outside the uterine cavity, which induces a chronic inflammatory reaction [1] . Ovarian endometrioma is observed in approximately 20-40% of women with endometriosis [2] . Endometriosis is predominant in women of reproductive age with a prevalence of 10 to 15% [3, 4] . Several theories for this have been suggested, including retrograde menstruation, altered immunity, coelomic metaplasia, and metastatic spread. However, the pathogenesis of endometriosis is still unknown. [5] . The treatment of choice for endometrioma is usually surgery because of the limited efficacy of medication and the possibility of malignancy [6, 7] . However, vigorous debates about surgical approaches to the treatment of ovarian endometrioma in relation to ovarian reserve are ongoing [8] .
The recurrence of endometrioma is one of the most important unresolved problems in the management of endometriosis. There have been two hypotheses that seek to explain the underlying pathophysiology of endometrioma recurrence: growth from residual lesions, or the development of retrograde menstruation after surgery [9] .
Recently, Seo et al. suggested the young age of women undergoing treatment as a risk factor for endometrioma recur-www. journals.viamedica.pl/ginekologia_polska rence [10] . Moreover, there are some studies on risk factors for recurrence. The patient's age, postoperative pregnancy, the severity of endometriosis and the size of the ovarian cyst were proposed as related factors in the recurrence of endometrioma among Japanese women [11] [12] [13] [14] . However, there are only a few studies conducted in Korea. Lee et al. reported the risk factors associated with recurrence of endometrioma in patients younger than 20 years; and Kim et al. reported risk factors in patients with a history of two or more previous surgical managements for endometriosis [15, 16] . However, these studies included heterogeneous patient groups, which combined all the patients with or without postoperative medical therapy.
Because endometrioma is widely reported to have a high recurrence rate after surgery, some clinicians prefer to prescribe long-term use of oral contraceptives or progestin in order to prevent recurrence, and long-term postoperative medication has become the standard therapy for the women who wish to conceive in the future [17] . Therefore, it would be valuable to investigate the risk factors that are related to endometrioma recurrence in patients receiving long-term medical therapy.
The purpose of our study was to analyze the risk factors associated with endometrioma recurrence among Korean patients receiving long-term medical therapy to prevent recurrence.
MATERIAL AND METHODS

Patients
Our study was a retrospective analysis of the records of patients with an histologic diagnosis of endometrioma who had long-term medical therapy. The study group was comprised of 134 patients selected from 334 patients who had been surgically treated by a single surgeon at Pusan National University Hospital between January 2008 and December 2014. Patients with the following histories were included in this study: 1). surgical treatment of endometriotic cysts; 2). final diagnosis of endometriosis confirmed by pathological findings; and 3). postoperative medical treatment for at least 12 months. Exclusion criteria were as follows: 1). discontinuation of medical treatment for a period of more than one month for any reason; 2). previous hysterectomy and/or bilateral oophorectomy for therapeutic purpose for endometriosis or any other illness; 3). diagnosis of menopause, post-operatively or during follow-ups; and 4). any medical history that could influence medication metabolism. The patients underwent clinical postoperative follow-ups at intervals of three to six months. In each follow-up visit, clinical data were recorded after a transvaginal ultrasound, pelvic examination and serum CA-125 test.
Endometrioma recurrence
All patients had a transvaginal ultrasound scan administered by an experienced sonographer and using the International Ovarian Tumor Analysis (IOTA) terms and definitions to describe the ultrasound findings [18] . Endometrioma recurrence was defined by typical features, such as the presence of a ground glass-shaped cyst with a homogenous low-level echogenicity.
Epidemiological and clinical risk factors
Medical chart reviews and patients' interview records were used to collect patient information and calculate demographics such as weight, height, body mass index (BMI), parity, age at the time of surgery, previous history of cesarean section, number of previous surgeries, time to recurrence, unilateral or bilateral involvement, presence of cul-de-sac adhesions, the diameter of the largest cyst, the type of surgical management (laparotomy or laparoscopy), postoperative medication, the presence of dysmenorrhea, postoperative pregnancy in patients with postoperative medication of 12 months of more, total revised ASRM scores, and stage of the disease. The stage of the disease was defined according to the revised American Society for Reproductive Medicine (rASRM) scale as stage I (minimal), stage II (mild), stage III (moderate), and stage IV (severe) [19] .
Statistical analysis
Comparisons of continuous data between two groups were performed with the use of an independent t-test or Wilcoxon rank-sum test (Mann-Whitney-Wilcoxon test), and categorical data were analyzed using the chi-square test or Fisher's exact test. Univariate and multivariate analyses were performed using multiple logistic regression analysis, to evaluate the possible risk factors for endometrial cyst recurrence. Statistical analysis was performed using SAS 9.3 for Windows (SAS Institute, Cary, NC, USA). Statistical significance was set at P < 0.05.
RESULTS
The mean follow-up period for the one hundred and thirty-four patients in our study was 56.5 months (range, 36-120 months), and the median duration of medical therapy was 12 months (range, 12-120 months). The clinical characteristics of the patients with, and without, the recurrence of endometrioma are shown in Table 1 . From a total of 134 consecutive patients who were treated with laparoscopy and/or laparotomy, endometrioma recurred in 35 patients, and the overall recurrence rate was 26.1%.
Weight, BMI, age at the time of surgery, size of endometrioma, rASRM score and stage, the presence of dysmenorrhea after surgery, and postoperative pregnancy with postoperative medication of 12 months or more, each proved to have a statistically significant association with the recurrence of endometrioma. Fifteen of the 134 women became pregnant after long-term medication, and endometrioma recurrence was observed in eight of those patients. Furthermore, five patients out of those eight patients diagnosed with recurrent endometrioma had undergone cesarean section. In our study, the serum CA-125 level was higher in patients with recurrent endometrioma (median level 24.95 U/mL) compared with those without recurrent endometrioma (median level 15 U/mL). However, our univariate analysis showed that the recurrence risk was not significantly associated with the postoperative serum CA-125 level.
The relative risks of recurrence of endometrioma revealed in the results of our univariate analysis shown in Table 2 . In the univariate analysis, the risk of recurrence was significantly affected by weight, BMI, age at the time of surgery, diameter of the largest cyst, presence of dysmenorrhea, and postoperative pregnancy.
The results of our multivariate logistic regression analysis are presented in Table 3 . According to the multivariate analysis, the significant factors that were associated with the recurrence of endometrioma were the body mass index (OR 1.153, 95% CI 1.003-1.326, P = 0.046), age at the time of surgery (OR 0.924, 95% CI 0.860-0.992, P = 0.029) and the presence of dysmenorrhea (OR 12.226, 95% CI 3.543-42.188, P < 0.0001). Across the entire cohort, the number of patients with recurrent endometrioma during the follow-up period gradually increased, reaching a total of 35 patients (26.1%) by the end of the 5-year postoperative period (Fig. 1) .
DISCUSSION
Endometriosis has been systematically investigated for decades, but its treatment efficacy and recurrent risk factors are still only vaguely understood. The aim of this study was to explore the risk factors for the recurrence of endometrioma after long-term medical therapy and to find personalized patterns according to these risk factors. In this retrospective study, our univariate analysis showed that the weight, BMI, age at the time of surgery, the diameter of the cyst, the presence of dysmenorrhea, and postoperative pregnancy to be strongly associated with the recurrence of endometrioma. However, our multivariate analysis showed that the size of the cyst and postoperative pregnancy were not significantly associated with recurrent endometrioma. Some reports have indicated that the young age of patients was a risk factor [12, [20] [21] [22] , while Parazzini et al.
reported that higher recurrence rates were observed in older women [23] . The association between the patient's age at surgery and endometrioma recurrence has been consistently mentioned in previous studies [13, 20] , and our study data showed that there is a statistically significant association between younger-aged patients at the time of surgery and the risk of recurrent endometrioma. The reason for this increased recurrence rate is unclear, but we postulate that the higher circulation estrogens levels in younger women at the time of the endometrioma diagnosis, may produce a more aggressive form of endometriosis, therefore, a form that is more likely to recur compared with the form of endometriosis found in in older patients [11] . The patient's age at surgery may well be a surrogate marker for the circulating estrogens levels in the patient [22] . However, in this study, we did not measure the estrogens levels and this postulation should be confirmed with further prospective studies. While high BMI is cited as a risk factor for endometriosis by several authors [24, 25] , the relation is far from clear. We too found that high BMI was a significant risk factor of recurrent endometrioma. Increased body weight may mask chronic symptoms such as pain, therefore resulting in less frequent diagnosis of endometriosis. Therefore, in such occasions there is a possibility that endometriosis could be diagnosed at a more advanced stage. Also, the complete removal of ovarian endometrioma can prove challenging in obese patients.
Several studies identified dysmenorrhea as a possible risk factor for endometrioma recurrence [26, 27] . Our study also showed an association between the presence of dysmenorrhea after surgery and recurrent endometrioma. Endometriotic lesions and adhesions may also cause deep pelvic pain associated with recurrent endometriosis [27] . In conclusion, postoperative dysmenorrhea could suggest the recurrence of endometrioma.
It is clear from numerous reports that the prevalence of recurrent endometrioma varies according to whether there is a successful pregnancy after surgical treatment of the endometrioma [11, 20, 22, 28] . Koga et al. demonstrated that patients with post-operative pregnancies had much lower rates of recurrence, which indicates that a subsequent pregnancy may have a protective effect in relation to the risk of recurrence of the endometrioma [13] . However, postoperative pregnancies did not prevent the recurrence of endometrioma in our study (OR, 3.334, 95% CI, 0.887-12.527, P-value = 0.075). Our results may be due to the limited number of cases we studied. Another possible explanation is iatrogenic spreading of endometrial tissue to the pelvic cavity during cesarean section [29, 30] . Five patients with successful pregnancies after their initial surgery, but who later had recurrent endometrioma, were diagnosed after cesarean sections. In addition, more conservative fertility-sparing surgery to minimize the loss of healthy ovarian tissue, should be a primary concern for treating infertile women with presumed endometriosis [31] , as it is technically challenging for the surgeon to completely remove ovarian endometrioma in infertile women.
Several studies found an association between caesarean section and endometriosis in the pelvic cavity [30, 32] . We performed a statistical analysis to compare the types of previous operations and their relations to endometrioma recurrence. The types of previous operations included extremity operations such as arm and leg fracture surgery, abdominal operations, and gynecologic operations other than endometriosis and/or cesarean section [30, 33] . However, in our study, there were no correlations between the recurrence of endometriosis and previous operations.
As previously discussed, two major risk factors of endometrioma recurrence that were revealed in our study, a younger age at surgery and post-operative dysmenorrhea, could both be explained by theories of endometrioma recurrence. In younger patients, serum estrogen levels are relatively high, which could lead to further stimulation and development of endometrioma from retrograde menstruation after surgery [9] . Equally, on the other hand, postoperative dysmenorrhea could have been caused by residual lesions from previous surgery. However, to further clarify the underlying mechanism of endometrioma recurrence and its associated risk factors, additional studies are warranted.
The recurrence rate of endometrioma after primary surgery followed by postoperative medical treatment for 18 months has been reported to be 19.1% after 2 years and 40%-50% after 5 years [34] . Several studies reported that the incidence of endometriosis recurrence after laparoscopic surgery is 19-50% [13, 35] . We found that the estimated cumulative incidences of recurrence rate were 1.5%, 9.7%, 13.4%, 17.2%, and 26.1% respectively, at 1, 2, 3, 4, and 5 years after surgery. These relatively low recurrence rates may be due to long-term medical therapy and the recurrence definition applied in our study. Postoperative medical treatment is known to delay the recurrence, but not completely prevent it [36] .
Our study has several limitations. The follow-up periods for some of the patients in our population were relatively short, and the study included a very small number of subjects. Also, medical therapy was not identical for all patients, which possibly influenced the recurrence rate. However, our study covered patients who were treated with long-term postoperative medical therapy for recurrence prevention. All study subjects received postoperative medical therapy for more than 12 months. Because current studies on endometriosis treatment focus on its medical aspects, it would be meaningful to analyze the factors related to the recurrence rate in those endometriosis patients under a long-term period of medical treatment. Furthermore, this retrospective study was designed to focus correlations between the risk factors of endometriosis recurrence, with less weight given to the underlying mechanism and causal relationships between each of the risk factors and its corresponding statistical results; so further studies regarding such issues are needed.
Furthermore, we studied 18 potential risk factors to identify any clinical patterns in the study subjects. It is very important to predict the risk of recurrent endometrioma to determine postoperative treatment, and we believe our findings are especially helpful for counselling patients at high risk of recurrence.
CONCLUSIONS
We concluded that dysmenorrhea after surgery, and a younger age at the time of surgery (odds ratio 12.226, p-value < 0.0001 and 0.924, p-value = 0.029, respectively) were risk factors that are associated with recurrent endometrioma, despite long-term postoperative medication.
